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INTRODUCTION:

With the increasing application of gas chromatography/massHspectrometry
(GC/¥S) systems to mixture component identification in biomedical research (1, 2)
and other areas (3), it has become important to be able to systematically isolate
and identify minor components in the complex mixtures being analyzed. Because of
instrumentation limitations, the mass spectra obtained from a GC/MS analysis of a
complek mixture are often markedly different from the spectra of the
corresponding pure compounds. Differences may. be caused by contributions from
unrasolved neighboring components during partial separation and also from GC
septum and column bleed. These extraneous contributions may severely distort the
relative intensities of ions in the méss spectrum of a pafticular component as
well as contribute peaks that are not characteristic of the component being
examnined. Characterizapigg aqq removal pf these spurious ion contributions is
espacizally ‘important in the anélysis of éiﬁ&r constituents where the mass spectra
of interest may be substantially masked or distorted.

Qur objective has been to implement a solution to these problems which is
general and can systematically and reliably resolve GC/MS data with a minimum of
human intervention. At the same time we have constrained the design so that the
programs can run on a laboratory mini-computer. The first of these objectives
has necessitated thé use of a relatively COmplex mathematical treatment of the GC
peak profile analyses as compared to that previpusly reported by Biller and
Biemann (4). Both the present approach and that of reference (U4) are based on
analyses of mass.fragmentogram profiles (4, 5, and 6), a method which has been in
use in various laboratories for a number of years, including our own. The method
described here, however, differs substantially in the extraction of information

from the profiles and thereby avoids several serious limitations inherent in the



system described previously (4). ‘By using tabular models of the elutant peak
shapes derived from the raw data combined with an approximation to the GC
background, and by deploying the elutant location and nultiplicity information
gained in analyzing individual fragmentogram profiles to assist in analyzing the
others, we can achieve significant advantages in the quality of the reduced data
as detéiled in the following sections. These include better final GC resolution,
the prbper assignment of ions to resolved elutant spectra (whether or not they
are shared between neighboring components), more accurate spectral amplitudes
free from background contributions, and the recovery of usable information from
damaged data as in saturated peaks. We feel these improvements are critical to a
system which can reliably extract component spectra of sufficiently high quaiity
from GC/MS runs to enable more definitive library matching, easier human
interpretation of unknowns, and even the addition of extracted spectra to the
library.as authentic spectra. 1In our experience these are essential assets for é
GC/MS data system which is to be routinely applied in medical research and amply

Justify the complexity of the analysis.

EXFERIMENTAL:

The GC/MS computer systenm used in this investigation consists of a Finnigan
1015 Quadrupole mass specirometer interfaced to a PDP11/20 mini-computer system
fér data acquisition. In one frequent mode of operation a complete mass scan
(from mass 40 to 450) is completed each 3.7 seconds and 600 consecutive mass
spectra are collected during a typical GC/MS analysis. Our initial experience of
compa;ing khe experimental mass spectra from a complex GC/MS analysis with a
library oﬁ known mass spectra produced very poor results due to contamination‘of

the experimental data by spectra of column bleed and of neighboring, unresolved



conmponents. Tolerable matches were only achieved when 2 ccmponsnt was preseht in
large quantity in the GC/MS analysis. In order to overcome these problgms, we
have devsloped a computer prééram capable of systematically extracting from the
raw GC/MS data, spectra representative‘of the pure elutznt compounds.

The raw mass spectrum (Figure 1a) of indole acetic .2cid 3-methyl ester
obtained from a GC/MS énalysis of the acidic fraction (a2fter methylation) of
human ﬁrine typifies this situation. This component elutes at or near spectrum
number 492 in the total ion plot (TIC) shown ih Figure 2. Closer examination of
Figure 2 shows that this component is submerged both in mass spectrall
contributions from neighboring components and background due to GC column bleed.
For comparison a library spectrum (7) of indole acetic 2cid 3-methyl ester is
shown in Figure 3. Figure 1b shows how after processing the féw GC/MS data by
the method described below we can retrieve a high qualiiy mass spectrum of indole
acetic acid 35methyl ester free from the environmental perturbations present in
Figure 1a.

In the systematic analysis of GC/MS data the problsa is then first to detect
where in the GC trace each component shows its maximum ion intensity and then to
extract from these regions representative spectra of each of the detected
components. The extracted mass spectra should be as free as possible from
intensity distortions, relative to their library counterparts, aad from the
presence of ions that are not present in the reference (library) mass spectrum of
each component (e.g., peaks from either neighboring corponents or gas

chromatographic column bleed). : -

DESCRIPTION OF METHOD:

To obtain a reliable solution to these problems, it is necessary to analyze



a number of spectra on either side of the ion éurrent maximum for each elutant.

A basic assumption of our approach is that the mass spectra of two neighboring
unresolved elutants can be distinguished; that is, there exist somes nasses for
which ions occur in the mass spectrum of one component but not in the other and
.vice versa. A schematic representation for two closely spaced elutants is given
in Figure 4. By locating the "resolved" or singlet fragmentogram peaks at such
masses‘(detected on the basis of profile morphology) one can infer directly the
positions of the elutants present and derive tébular models of the individual
peak shapes which can be used to separate the unresolved fragmentogram qomplexes;
The use of tabular peak models derived from the data itself accurately
accommodates the a priori unknown peak profiles of particular elutants withoﬁi
solving for multiparameter, non-linear model functions. Since the data are
sampled often enough to satisfy the sampling theorem (8), these tabular models
contain the necessary. information to reconstruct the continuous peak envelope and
can therefore be used as if they were continuous analytical models. For the
typical peak shapes encountered, the collection of 5-10 mass spectra per singlet
elutant peak represents a sampling frequency greater than twice the Fourier
bandwidth of the peak. In addition, the mass by mass analysis of the
fragmentogram peak complexes fagilitates the mass dependent subtraction of
background. (The large variation in background levels for different masses is é
function of both the type of GC column used and the mixture being analyzed).

By addressing the problem in this way we have been able to prgduce accurate
intensity information for the processed mass spectra and simultaneously
distinguish with greater confidence which masses contribute to particular elutant
spectra. We have been able to distinguish reliably elutants coﬁing off within

one and a2 half to two spectral scan times of each other. The succeeding sections



discuss in more detail the procedures used to detect and resclve the mass spsctra

of unique elutants.

Elutant detection involves finding the location of each mixture compcnent in
the GC/MS data, even if it does not have a corresponding peak maximum in the
overall total ion current trace. Ideally for a given elutant, the fragmentograms
for all its ion masses will show maxima at the same time and in practiée this

. \
holds for well-resolved materials. However, for partially resolved mixtures, the
complicating factors of peak overlap and background contributions can cause
fragrmentogram maxima for neighboring components to show significant variatidn-in
A their positions én the time axis. Reliable position information for each eluﬁant

is best derived from the fragmentogram profiles containing singlet peaks for that

1e

’

elutant, that iS,Afrom fragmenpograms at those spectral masses unique to ¢
elutant relative to its neighbors. Thus elutant detection may be viewed zs
locating such peaks. |

The basic approach used for elutant detection is to compute two histozraas
of candidate singlet peak positions and to select as elutant locations
significant histogram maxima. The first histogram measures the number of singlet
mass fragmentogram profiles which reach maxima in each time interval. The second
histogram measures the total singlet ion intensity above background at these
maxima. These two types of histogram contribute complementary information for
judging elutaPt locations. At a given elution time, the histograms include.
fragmentogram peak maxima from all masses over seven spectra. The positicn of
each maximum;is determined by a parabolic least squares interpolation about the

top five points in the sampled peak data. If the intensities of the five points
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contributing to the maximum are Y_2, Y_1, YO’ Y1, and YZ’ then the expression for
the time coordinate of the maxinmum is

7 (2 Y_2 + Y~1 -Y
10 (21, - ¥

1= 27Y,)

4 -2Y -t +21)

The time coordinates of maxima are estimated to one third of the time to collect
each spectrum in order to separate very close neighbors. Because we measure pesak
locations to one third of a spectral scan time, appropriate shifts-are also
included to accéunt for the fact that higher masses are measured later in each
spectral scan than lower masses. To build these histograms, the program examines
the profiles of each mass fragmentogram in thefdata. Only peaks with inténsities
above a prescribed threshold are added into:their appropriate time positions in
the histograms. Peaks that are obvious multiplets (multiple extrema) are not
incorporated into the histogramé but are marked for later resolution. After all
of the histogram information is collected for a given region, compounds are
defined to be detected at locations where both the intensity and peak count
histograms show maxima that are above a threshold. This statistical approach,
looking for "clusters" of fragmentogram peaks in the histograms, does not depend
upon a correct decision for each peak but rather on a preponderance of good
decisions looking over all of the data. It will fail to resolve elutants very’
ciose together which do not have enough digtinguishing mass spectral components
as described above. In general, however, using this approach we are able to
detect and resolve spectra reliably that elute with a sepération in time as small
as one and a half to two spectral séan times. (Two scan times corresponds to 25
percent of a typical GC”peak width a£ thé scan rate we use). Elutants this close

often do not show multiple extrema in the fragmentogram profiles of masses ccmmon



to both spectra and could not bs separated properly except for this type of
procedure. If two elutants are separated by less than 1.5 scan times, resolution
becomes more uncertain depending on their relative concentrations and nmass
spectral distinctness.
for' well Mﬁ—s__— T

Once the locations of elutants in the GC effluent have been determined, we
proceed to compute a resolved spectrum for each material. To illustrate the
principles involved in spectral amplitude and background estimation, we consider
the simple case of an elutant that is well separated in time from its nearest
neighbors. This analysis will be extended to the more complicated cése of
multiplet resolution in a later section. By "well-separated" we imply only that
there are no maxima in the elutant detection histograms fo? three or four spectra
on either side of the elutant under consideration. 1In sﬁch a situation, each of
the mass fragmentogram profiles in the vicinity of the elutant will consist of a
background on which is superimposed a peak with amplitude representati§e of the
elutant spectral component at that mass. The background (due to both GC column
bleed and possible tailing from nearby, high-concentration eiutants) is
distinguished from the elutant peak by the fact that it varies much more slowly
with time. Reasonable estimates can be made by assuming that for any particular
mass fragmentogram the contribution is linear (see Figure 5):. This approach to
background determination, using the actual fragmentogram characteristics in the
vieinity of each elutant, automatically tracks changes in the bleed levels
observed during a run. It should be noted that our model is a.first order
approximation subject to some error. A more accuréte approximation would involve

representing the background variations over a larger span of spectral scans than



we are abls to manage with the current progran grganization and computer mamory
limitations. We feel that the linear estimate is justified, however, in that it
produces results within the error limits dus to other data uncertainties.

To complete the estimation process we use a model peak to determine the
contribution of each mass fragmentogram to the elutant spectrum. Much work has
been done on the analytic approximation of gas chromatographic peak shapes (9,
10). Our experience has been that relatively simple models do not adequately
approximate the range of shapes encountered and more complex models require large
amounts of computing to determine model parameters. No;ing that a separate model
must be.developed for each elutant and with a view. toward obtaining the péak
shape and definition necessary for multiplet resolution within reasonable
computing resources, we-ﬁave approached the problem by using tabular peak models
taken from the data itself. Such models, defined at discrete sample points, can
be evaluated at ‘any required ‘intermediate pbint by interpolaﬁion (since the
sampling theorem is satisfied) and automaticélly reflect any peak asymmetries
which may be present. For a given elutant, the model will be independent of
mass, assuming that relative molecular fragmentation probébilities do not change
with elutant pressure within the mass spectrometer. A number of criteria should
be satisfied by the tabulated model peaks. They should be singlet peaks
superinposed on as small a background as possible and they should be relatively
intense in order to ensure a good signal-to-noise ratio and good dgfinition of
peak skirts.

Candidate singlet peaks may be distinguished from doublet or background
peaks by the feature-that they are reiatively sharp. One way to neasure peak

‘sharpness’ is to use a logarithmic rate function defined as follows:
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where the Yt are evaluated at equal scan widths a2t each side of the mode of the
peak. It can be seen that this rate will be large for peaks which are sharp and
smaller for peaks which are broad. The rate as»defined'is also independent of
amplitude for peaks of identical shape. A peak with a computed rate below a
threshold appropriate to the experimental conditions is considered to be either
an afﬁifact of the gas chromatograph (background peak) or a multiplet and is not
included in the detection histograms.

During the process of computing the detection histograms, a list is kept of
the unimodal fragmentogram peaks having the highest rate factors in the region
under analysis. When a component is detected in a given region, a model beak is
then immediately in hand that can be used in the peak height estimation and
background removal process. The local minima just on either side of the model
peak are used as estimates of the local background (a straightvline through the
greatest of these minima is reﬁoved before the model peak is used for analysis).
The selection of the peak with the highest rate‘factor as our model peak has
worked well in producing models which are singlets and suffer least from
interference by background and neighboring fragmentogram peaks.

Given the fragmentogram peak model for this case of a well-separated
elutant, we can now correct the individual mass fragmentograms for background and
estimate true mass spectral intensities for the elutant. For'the fragmentograms
exhibiting peak maxima "near" the location of this elutant (see below for
detailed selection criteria), each peak in the set is quadratically interpolated
to align it on a common time origin (this removes the time shift between
collection of low and high mass data); This 15 done by fitting a parabola
through successive groups of three points near the peak modé and interpolatinz to

give four equally spaced points about the mode, separated by one spectral scan
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time. With the beaks in this standard form they are ready for the ;east scuares
analysis below. Assuming a linear background model over the region of 5 to 10
scan intervals under consideration, the local backgrouhd Bt at time t is

represented by

where ¢ is the background offset and d is its slope. The interpolated elutaht‘
peak model is normalized to unit area and has amplitudes Pt at times t. Then for

a given mass fragmentogram, the amplitude of the actual fragmentogram profile Yt

at time t can be represented by

Y = pP + (¢ + dt)

where p measures the elutant amplitude above background. Note that this model
assddes a‘superpositon principle based on the earlier mention of mass
spectrometer fragmentation probabilities and a linear encoding of ion current
information. If ion current data are obtained from non-linear electronic systems
or read from film, the peak model itself would be amplitude dependent. From this
model we can derive a least squares estimate for the elutant amplitude p and the
background parameters ¢ and d by minimizing the error function

_ 2
E = Z (Y, -pP, ~c-dt)

The error is minimum when
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where N is the number of points in the summation. It i

w

worsh noting that this
method, using a tabular model peak derived from the datz znd elutant locations
obtained from the detection histogram anaifsis, reduces ths calculation for each
mass spectrum intensity to the solution of a set of linear sguations,
Specifically this avoids iterative methods for determininz the parameters of a
theoretical peak model and for detérmining elutant time poSitiohs. From the
solution of these equaticns for the value of p, we get the spectral intensity for
each mass. This analysis is applied to all mass fragmentograms with maxima near
the elutant location to obtain the intensity-corrected spectrum.
Fragmentograms are selected for this analysis on the bzsis of several

criteria. Given the nominal elutant position from the detection histogran
‘analysis,.a fragmentogram is excluded (mass spectrum assigned zero intensit&) if
it has no local peak maximum or if its maximum is displzced from the reference
elutant position by more than two thirds of a spectral scan time on either side.
Each fragmentogram peak meeting this test must also have an acceptably hizh rate '
factor, to be included in the analysis. For peaks of masses greater than 200
amu, we require a rate factor greater than 25 percent of the rate for the nodel
peak. This restriction is useful for eliminating contributions caused by peaking
in column bleed components. In carefully examining GC/MS data sets, we can
observe that masses characteristic of the spectra of cclumn bleed cozponents show
maxima in their mass fragmentograms just prior (one to two spectra} to the
elution of an actual component. In essence the component appears to "push™ the
bleed out 2head of itself, Because these peaks are forzed by a different process
than normal elutant mass fragmentograﬁ peaks, they usually have 2 much -broader
shape. Consequently their rate factors will be significantly reduced and they

can be eliminated by the rate threshold criterion. The ccmbination of the
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fragmentogram peak location criterion together with the mirnimum rate criterion
effectively discriminates against extraneous contributions to the intensity-

corrected spectra without removing authentic mass peaks.

Extraction of poorly separated elutant spectra:

Many instﬁnces arise in the analysis of GC/M3 data where two or more
elutants are poorly resolved by the gas chromatograph. The resulting mass
spectra in such a region exhibit‘ion intensity\distortions which reflect the
interactions (overlap) between adjacent eluténts in addition to the ion
contributions of background. The extension of the above procedures to the
generai case is not difficult. Through the histoér#m detection and model
procedures, one can extract normalized peaktmodels P, Q, R, ... for the various
elutants present. Then with the assumption of a linear background, the

fragmentogram profilevY can be approximated by minimizing the error function

- | - 2
E = E (Yt -pP, -qQ -rR - ...-c-dt)

with respect to the elutant amplitudes p, q, r, ..., and the backgroﬁnd
coefficients. Sets of linear equations result for each mass to extract the
resolved spectra. In practice, we have not implemented this full procedure
beyond the doublet caSe. Through the following approximations, reasonable
results are achievable within available mini-computer resources. Using the
histogram method described earlier, neighboring elutants are handled with a
'lodkahead' procedure. That is, information about an elutant that has just been
detected is stored and the detection algorithm is applied to the data in the
immediate neighborhood by extending the range over which the detection histograms

are calculated. If by including this extended regzion an additional elutant is
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detected, we record the position of its mode, select a model peak for this sscond
elutant using tne rate criterion, and initiate a doublet resoclver algorithm., At
present, the extended histograms project four spectral scan widths beyond the
position where the first elutant of the multiplet was detected. The same
criteria are applied as in the singlet case to decide which fragmentogram peaks
belong to the pair of detected components. The model used to process the
composite fragmentogram peaks (many of which may be singlets belonging to either
elutant) assumes that there are two overlapping peaks superimposed on a linear
background. A schematic representation of this model is given in Figure 6. The
doublet model represents an oversimplification of some situations as, for
example, in the case where 3 components elute within a very brief interval. it
provides, for the most part, hdwever, acceptable accuracy for resolving multiplet
GC peaks and estimating individual mass spectra for the respective components.
As indicated above, a least squares fit of the two pgak models P and Q to the
fragmentogram profile Y with a linear background may be described by the equation
Yt = p Pt +q Qt +c+dt
At minimum error this yields four linear equations as follows:

¥

pZ‘Ptz + qutQt-;’é‘Z'Pt + dtht = ZPt‘Yt
PZ%%*'QZ%Z +°2Qt+dzt°t= )RR A
P 2: Pt + q z: Q£ + ¢ N + d 5: t - = E: Yt

+

o) E: t Pt

In cases where peaks are actually singlet peaks they should yield zero for

QY tQ + e}t P I N . Loty

the amplitude of the missing component. In practice for such cases the amplitude
of the second component is a very small positive or negative value which is

representative of how well the model fits the data. Amplitude results for masses
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that belong to the second component of the doublet are stored temporarily until
this component is moved into the processing window at which time they are

incorporated into the analysié“of the newly detected component.

Reconstruction of saturated peaks in elutant spectra:

From a practical viewpoint, a fairly common'occurrence.in GC/MS data
collection systems is the problem of mass peak saturation. Saturated peaks occur
when the concentration of a component in the ion source is such that for one or
more ion masses the detection system analog-to;digital converter becomes
overloaded., Saturated peaks are easily detected because of their characteristic
flzt tops which have an amplitude determined by the'overload limit of the
detectipn system (e.g., the saturation value is H095 if a tweive-bit analog-to-
digital converter forms part of the detection'system). Figure 7 represents a
saturated mass fragmentogﬁam peak superimposed on a linear baékground.

If we are to obtain accurate intensity profiles for component spectra that
include one or more saturated mass peaks it is essential that we reconstruct
these saturated peaks in a way that will give a relatively precise estimate of
their true amplitudes. A convenient way to do this in the singlet case is to use
the least squares model that we derived in the preceding sections. To actually
apply it fér reconstruction of saturated mass fragmentogram peaks we need to make
a small modification to the equations. Instead of summing over all the points in
the peak, we sum over only those points that are not saturated in the
fragmentogram, and let N represent the number of such points. As an estimate of
the peak mode we use the mode of the intensity histogram for the component being
analyzed. An example of reconstruction of a mass spectrum_with saturatgd ion

intensities is given in Figure 8. Figure 8a shows a saturated spectrum of
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tetracosane and Figure 8b is the corresponding }econstruoted spectrum. It is
clear that thé reconstructed spectrum will give a far better match with a library
spectrum théhrthe saturated spectrum which is badly saturated at masses 43, 57,
and T1.

Before leaving the discussion of saturation we should point out that we have
not in practice extended the procedure for saturation correction of singlet peaks
to the doublet case as we bélieve that it would be inadequate for reliable
intensity estimates. If too many points are overloaded there will be
insufficient data to accurately estimate the amplitude of each multiplet
component. Despite such correction algorithms, there is no substitute for the

collection of good quality raw data at the start.

RESULTS AND DiSCUSSION:

The“program based on the algorithm outlihéd in the preceding sections has
been tested on a wide variety of biological samples. It fits comfortably into a
DEC PDP 11/45 computer (with 28k of memory) an& takes approximately 8 minutes to
analyze a raw GC/MS data set of 600 mass spectra (scanned from masses 40 to 450).
Much of this time is spent in reading the raw data from the disk and other input-
output operations. Copies of the program, which is written in FORTRAN, are
available from the authors. Cufrently this program forms part of an automated
analysis system for the GC/MS analysis of urine and blood samples. The progran
reduces the raw GC/MS data set of approximately 600 spectra to a sét of about 60
resolved elutant spectra which are tpen mgtched against a library of mass spectra
of biological compounds. This whole process takes about 20 minutes and produqes
an analysis of the sample, with known comﬁounds in the mixture identifigd and the
reraining unknown set marked for further study by chemists or other DENDRAL

programs (11, 12, and 13).
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In evaluating performance of the program, a major issue is how well it is
able to detect elutants in the data. The vertical bars on the TIC (Figure 2)
indicate all the places where the program detzcted and iéolated a component from
the raw GC/MS data. The program’s power of detection is illustrated by the
elutants detected near spectrum numbers 492 and 543 in the total ion current plot
shown in Figure 2. Although there is no evidence of maxima in the TIC in the
regions near 492 and 543, the pfogram was able to detect and isolate quality
spectra of known compounds. Indole acetic acid methyl ester (Figure 1) is found
near spectrum number Y492 and is clearly submerged in background and overlapping
contributions, while Y4-methoxybenzoyl glycine methyl ester (Figure 9) detected
near spectrum 543 in Figure 2 is almost cémpletely masked by the large
concentration of hydrocarbon internal standéfd (n~-C24H50) which‘maximizes at
spectrum number 545. The detectability of unresolved elutants is clearly a
function éf'their amplitude reiétive to neighboring components and béckground.‘
One way to characterize this is to measure the ratio ofvthe total ion intensity
(sum of the mass spectrum amplitudes) in the resolved spectrum compared to that
in the unprocessed spectrum including background and overiap effects. The mass
spectrum of the processed component at spectrum number 492 comprises only 4
percent of the total raw ion current. It can be expected that there will be B
problems detecting components with an ion current ratio that falls much below é
level of 4 percent. Also if two compounds elute within less than j.S to 2
spectral scan times of one another, there is an increasing chance that the
program will make the wrong decision as to whether there is one or actually two’
elutants present. Such errors are aiso dependent on the ion current ratio

between adjacent elutants and the stability with which peak positions can be

determined.
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As an example of doublet resolution consider the region near spectrunm
numbers 317 and 318 in Figuré 2. The program detects that there a2rs two elutants
and Figures 10 and 11 illustrate the raw and resolved spectra at these locations.
The spectrum in Figure 10b is a good representation for M-methoxyphenylacétig
acid methyl ester. The other component is an unknown aromatic ester. The
spectrum at index number 308 (Figure 2) is shown in Figure 12 and is another
examplé of how the program detects and corrects a small isolated component (furan
dicarboxylic acid dimethyl ester).

We have evaluated the efficiency of background removal for singlet elutants
by examining their mass fragmentograms. After calculating the least squares peak
and background levels, we concluded that the éomputed results are consistent (5 -
10 percent) with human estimates. They teﬁded to be less accurate for very weak
peaks whose shapes were more sensitive to noise distortions.

For the multiplet case, where the peak profiles can be considerably more
complex, there is a stronger possibility that the model will not produce accurate
amplitude information. In such cases, as when there are three rather than two
elutants present, thére is a danger that background coniributions will be
incorrectly estimated. We feel however that use of a more couplex model for
triplets is not likely to be able to guarantee much greater precision because of
the limited accuracy of the raw data itself. Problems most frequently occur when
a small amount of an elutant occurs just prior to, or just after, an elutant of
high concentration. The intensities of peaks in the small elutant that are
common to the large elutant tend to be less accurately calgulated than singlet
peaks and sometimes may even be discafded-as negligible if their intensity
relative to the large peék falls much belbw 10 percent.

Comparison with library mass spectra has indicated that correction of
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intensities for saturated singlet peaks is satisfactcry. However, as expescted
the accuracy of the calculation decreases a2s pezks become more heavily saturated.
In our case we are working with model peaks that =xtend over nine points (i.e.,
nine scan widths). If more than four bf a peak’'s nine points are saturated we
can expect that its estimated intensity will have only limited accuracy because
there is insufficient information left to accurately characterize its shape.

An example will'illustraté the overall performance of the program. Let us
consider in detail the spectrum of the elutant detected near spectrum number 492
(Figure 2). A comparison of the resolved spectrua Figure 1b with a library
spectrum (Figure 3) shows that the basic spectral intensity profiles are very
similar even including the very low’intenSity ion of mass 89. Some very small
ions (of intensiﬁy less than 5 percent reléﬁive abundance) are absent from the
resolved spectrum because they have been lost in the background noise. It is
worth noting that-there-arc no peaks present iﬁ the resolved spectrum that are
not in the library spectrum, that is, the extraneous mass spectral peaks in the
ravw data including peaks at masses 105, 253,and 315 are not included in the
resolved spectrum. The relative intensities of the mass spectral peaks at masses
51,62, 65, and TT have been changed significantly from their levels in the raw
data. This illustrates the importance of correcting the intensities for
background. The mass spectral peaks at masses 51, 52, 63, 78, and 129 appear to
maximize near spectruﬁ 496 in the raw data instead of spectrum 492 because of the
overlapping contributions of a poorly resolved elutant,

Conditions arise in the raw GC/MS data for which it is not possible to
extract unambiguously high quality méss spectra. One case is when the elutant-
to—backgrounﬁ ratio falls significantly below 5 percent. In these cases, the

very weak intensity ions, including isotope ions, usually do not appear in the
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.

resolved mass spectra. The other difficulties arise when it is not possible to
detect the presence of nultiple elutants because they occur within less than one
mass spectrum scan time of each 6t£er. In this case, the processed spectrum
represents the mixture of the two elutants.

In general, we have found that the present system is capable of detecting

and isolating high quality representative mass spectra in GC/MS experiments

involving complex biological mixtures.
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FIGCURE CAPTIONS:

1.

(a) Spectrum of indole acetic acid 3-methyl ester from a GC/MS analysis of
human urine before proceééing.

(b) Resolved spectrum of indole acetic acid 3-methyl ester.

. Total ion current plot for a GC/MS analysis of a urine sample. Components

were found at vertical bar marks on TIC.

. Mass spectrum of indole acetic acid 3-methyl ester taken from a library of

biological compounds.
A schematic representation of the set of partial mass fragmentograms‘for tﬁo
closely spaced elutants. Components A and B have some masées in common.
Model for a singlet peak located on a iinear (sloping) background.

Model for a mass fragmentogram containiné'a_doublet superiﬁposed on linear

sloping background.

.-Model . for a_saturated singlet peak on a linear background.

(a) Saturated unprocessed mass spectrum for tetracosane.
(b) Spectrum of tetracosane after processing and correction for saturation.
(a) Mass spectrum of 4-methoxybenzoyl glycine methyl ester before processing.

(b) Resolved spectrum of 4-methoxybenzoyl glycine methyl ester.

10. (a) Mass spectrum of 4-methoxyphenylacetic acid methl ester before

processing.

(b) Resolved mass spectrum of U-methoxyphenylacetic acid methyl ester.

11. (a) Spectrum of an unknown aromatic ester before processing.

(b) Resolved spectrum of unknown ester in Figure 11a. -

12. (a) Spectrum of furan dicarboxylic acid dimethyl ester before processing.

- (b) Resolved spectrum of furan dicarboxylic acid dimethyl ester.
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